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NOISE REDUCTION STUDIES FOR JHE OV-1 AIRPLANE
By D. A. Hilton, A. B. Connor, W. L. Copeland, and
A. C, Didbble, Jr.

SUMMARY

A study has been conducted to define possible modifications to the OV-1

alrcraft to reduce its aural detection distance. This effort involved

documenting the noise characteristics of the airplane, devising mcdifications

to reduce the noise, estimating the reduction in detection distance, and
evaluating aircraft performance as a result of these modifications.

| It wvas found that the main noise source on this aircraft is the propeller
and hence modifications only to the propeller and the propeller drive system
are proposed. Modifications involving only the propeller are noted to
involve no increase in weight but they result in only a modest decrease in
aural detection distance. In ﬁrder to obtain substantial decreases in aural
detection diatance, modifications involving changes both to the propeller and
the engine-bropeller gearing are required.

.. INTRODUCTION

NASA in response to a Department of Defense request has undertaken a -
study of the noise reduction potentisl of the OV-1 airplane in terms of the

aural detection distance. This effort ‘qpici.ﬁ.cﬂ.ly involves: (1) documenting .

-



R e iIEe T S U

N abe Crg g et ey W oF et )

the noise characteristics of the basic airplane, (2) evaluating possible
modifications and their associated noise reductions, (3) estimating the

effect of some selected modifications on the aural detection distance of the
eircraft, and (4) estimating the effects of such poise reduction modifications
on tlie performance and stability of the aircraft. Thic paper documents the
NASA efforts in accomplishing the above objectives. B

SYMBOLS

A propeller disk area
B number of propeller blades

CD , 'drag coefficient, -%—
1/20¥°s

1ire
CL 1ift coefficient, —-?- ; >
. - 1/20V"s ,

950 SHP
C power coefficient,
P ) 0 33 ;5

thrust coefficient, %
pn D

o
3

propeller diameter, ft

- propeller rotational tip Mach mmber
revolutions per minute ‘ | 3o
propeller tip radius, ft
ving area

 thrust
velocity, tmie airspeed R
Mtrwuomummwob;cvc
decibela. re 0.0002 dynu/cn
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f frequency, cps

m order of harmonic of propeller i
n revolutions per second
Q, free-stream dynamic pressure
q - dynamic pressure at the tail
¥ azimuth angle measured from the thrust axis of propeller (0° is in
front)
2 ¥
.M pripeller efficiency, -c—’; X D
g propeller blade element solidity
p mass density of air

cps cycles per cecond

V/nD  propeller advance ratio parameter

MAC ‘mean aerodynamic chord
MRP military rated power
NRP normal rated power
SHP shaft horsepower

TAS true airspeed

THP thrust horsepower

T.0. take-off

AFPARATUS AND METHODS

Test M.rplme'
The OV-1 airplans which vas tested for the studies of this report is a
two-place twin-turboprop mid-ving monoplene with a design gross weight of
about 1&,7(\30 pounds. The free turbine engines are rated at 1,005 hp at
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take~off and they are geared to three-bladed 10.0-foot~diameter constant speed
propellers. Photographs of the test airplane are shown in figwre 1, and o
three-view drawing of the airplane with a list of its principal physical
features is presented in figure 2. The airplane and the test pilots came

from the All Services Evaluation Group, Patuxent River Naval Air Station.

Test Conditions

Noise measurement tests were conducted on September 7, 1966, at the NASA
Wellops Island test facllity where use was made of the main paved runway
surface and the assoclated flat terrain for locating the instrumentation for
both static and flyby tests. The terrain features of the test area are
shown in the photograph of figure 3(a) which is a view of the microphone
array looking north from the runvay ceater lingand figure 3(b) which is a
view to the south. Schematic diegrams of the microphone arrays for these
tests are included in figure 4. Airplane operating conditions for all

noise measurement tests are listed in table I.

Roise Measuring Equipment

The noise measuring instrumentation used for these tests 1s illustrated
by the block diegram of figure 5. The microphones were of a conventional
crystal type having a frequency response flat to within t3 dB over the
frequency range of 20 to 12,009 cps. The outputs of all the microphones at
each station were recorded on multichannel tape recorders. The entire sound
measurement system was calibrated in the field before and after the
measurements by means nf conventional discrete frequency calibrators supplied
by 'the’ microphone manufacturers. The data records were plgyed back from the

N
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tape (using the playback system shown schematically in fig. 5) to obtain the
sound pressure level time histories and both broad-band and narrow-band

gpectra.

Alrcraft Operation

- Static noise surveys.- Static data were taken with the array shown in

figure 4 where the microphones were positioned at 300 intervals on 100-foot
radii about the propeller hub of the left engine. Only one engine was
operated in order to eliminate synchronizing problems and to identify

individual noise components from the propeller and other sources. The

propeller was operated at five separate speeds as listed under “Static" in

table I. Three of the propeller speeds were well below flight operating
values, and two vere nominally at cruise flight values.

Flyover noise surveys.- In the flyover noise survey with both engines

operating at identical power settings the ailrcraft was flown over a ground
track as shown schematically in figure 4. Three power conditions at each of
three altitudes were recorded, as listed under flight in table I, where the
propeller speeds were 1,200, 1,450, and 1,675 rpm, and the altitudes va.rieé
from 50 to 1,050 feet. Geometric altitude and course direction were

measured by a GSN/5 radar tracking unit. Position information was relayed to

the pilot as an assist and the desired flight path was maintained for about

1 mile prior to and beyond the overhead position.

Atmospheric Conditions
During the time of the tesats, observations of sugface temperature,
humidity, wind velocity, and vind direction were taken in the vicinity of
the test site. The temperature ranged tron‘18;3° ¢ to 26.7° C over a &~howr

)
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period; the relative humidity changed from 61 to %2 percent » and the wind wus

from the northwest, varlable between 4 and 9 knots over the same period of

time.

MEASURED NOISE CHARACTERISTICS OF THE BASIC AIRCRAFT

Static Ground Tests
Results of octave band analyses for the two cruise power static test

conditions are listed in table II. This table includes the sound pressure

. levels in each octave band for six azimuth stations from 3600 to 210°. From

these data octave band and overall noise level directivity patterns can be
determined. It can be seen that the highest overall levels occur in front
of the engine and near the propeller plane. The noise levels in front
contain mainly high frequency components, vhereas those in the propeller plane
¢ontain mainly low frequency components. The results of previous studies
suggest that the lower frequencies are the more significant in the aural
gietection problem. |

Plots of the octave band spectra for the %wo zengine operating conditions
are presented in figure 6. These data are from the 270° microphone position
of table II. Both of these spectra ars seen to have the highest levels in
the second octave band and the octave band levels decrease generally as
frequency increases. In this respect the spectra are representative of those
for which propeliér rotational noise don:l.gg,@cc. The increased levels in the
highest octave band are believed to be associated with broad-band noise from
compressor and turbine components.

Narrow-band analyses are particularly useful for 1;ent1!‘ying the sources
of 1nd1v1.duu.1 noise components. A sample portion of a narrov-band analysis

6
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record, obtained with the aid of a 5 cps band~width filter is shown in figure
7. The data of the record apply directly to a propeller operating condition of
1,450 rpm and an azimuth angle of 2700. The vertical scale represents noise
levels in decibels, whereas the horizontal scale is linear and represents
frequency in cycles per second. Only the first 500 cps portion of the record
is included for illustration. Several prominent peaks associated with the
propeller are noted. Other peaks on the record which may be associated with
engine accessories, and so forth, are generally a’. lower levels than the
propeller noise components. Results of narrow band analyses for the 1,200-rpm
condition (chosen because of a better potential for noise reduction than the
1,450-rpm condition of fig. 7) are listed in table III for several azimuth
locations. All peaks correspond to propeller frequencies with the exception
of the one at 345 cps. RNarrow-band analyses at the higher frequenciles
revealed no prominent discrete frequency peaks associated with the compressor
and turbine components. '

It is obvious that the propeller noise components dominate the noise
spectrum of the OV-1 ailrplane and thus are the important ones with respect

to aural detection.

‘ Flyby Tests
Figure 8 contains flyover nolise levels for two propeller speed
conditions. The date were recorded at the center-line microphone of figure b .
and at slant range distances of 292 and 322 feet for flight runs 2 and 5
(see table 1), respectively. In this figure, overall sound presswre levels
are plotted as a function of time from an arbitrary reference time. The
flight direction of the aircraft is trom lelt to right in the figure. For
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both power conditions the noise levels build up to a maximum when the aircraft
is essentially overhead. The cyclic nature of the noise level traces results
from phasing variations of the two propellers.

Octave band spectra have been obtained for the flight conditions of
figure 8 and they are presented in figure 9. These data represent the msximum
values in each octave band as the aircraft flies overhead, regardless of
when that maximum value occurred. Also shown in the figure are the relatively
low ambient noise levels at the times of measurement. It can be seen that
the in-flight spectra have somewhat different shapes than were cb%ainec. for
comparable propeller speeds of the static case. These differences may be
accounted for partly by directivity pattern variations and by Doppler effects.
The 1,200 propeller rpm data will be used in the determination of detection

distance for the basic configuration.
AIRCRAFT MODIFICATIONS ANALYZED

As a result of the analyses of the noise measurements of the basic
aircraft in which it was learned that the propeller vas the main source of
noise, several modifications to the propeller have been evaluated for the
purpose of reducing the aural detection distance of the airplane. Low-pover
cruise flight was the only condition treated for this study and three
modifications were selected as having the best potential for reduced aural
detection distance. These include increasing the nvmber of propeller blades
from 3 to 5 (cases I and II), or to 6 (case III); reducing the propeller
diameter (case I); and reducing the propeller speed (cases II and III).

The estimated overall noise reduction from 300 feet is 6, 10, and 13 4B,
respectively, for cases I, II, and III.

8
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The pertinent parameters describing the propellers and the propeller drive
system are listed in table IV. OSome of the details of the studizs relating to
the noise generation, weights, and performance are prescnted in appendixes A

through C.

ESTIMATED NOISE CHARACTERISTICS OF THE
MODIFIED AIRCRAFT

A summary of the noise generated asa resu;t of the three modifications to
the basic airplane as indicated in table IV are compared to those of the basic
airplane in figure 10. This figure is a plot of octave band spectra for a
distance of 300 feet for the basic aircraft (measured and calculated) and for
the three modifications. The overall sound pressure level for each of the
five cases is indicated at the left-hand sid. of the figure adjacent to the
ordinate scale. The sound levels in the lower octave bands of figure 10
represent the results of propeller nolse calculations which are presented in
Appendix A. The sound levels in the higher octave bands were estimated by
edjusting the measured signature by amounts proportional to the estimated

propeller vortex noise for the basic alrplane and the modifications

It should be noted that some discrepancy exists between the calculations
and the measured-in.flight spectra for the basic aircraft. The main components
of the noise spectrum in the second, third, and fourth octaves are associated
with the propeller rotational noise as calculated in appendix A. It can bve
scen that the calculated value in the third octave is about 6 dB lower then
the measured value during flyover tests whereas agreement is excellent in the

other octave bands. The reason for the above discrepancy is not fully
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understood, however, it may be due L0 asymmetry in the noise rediation
pattern resulting from nonuniform loading in the propeller disk,

It should be noted that the propellers of this alrcraft are not
synchronized by design and hence the noise radiation field is time variant.
The instantanecus relative position of the propeller blades and the
difference in the lengths of propagation paths to the observer are significant
factors in determining the level for any particular propeller noise component
at the observer location. As a function of time, the noise level of any
particular component will vary from a small value to an increase of 6 dB,
compared to the level of the corresponding component from a single propeller.
Since the maximum noise level is the important feature of the noise exposure

in detection, the spectra of figure 10 are based on the maximum noise level,

that is, for the fully synchronized condition.

DETERMINATION OF AURAL DETECTION DISTANCE FOR
BASIC AND MODIFIED AIRCRAFT

Basic Assumptions Relating to Detection
In addition to the noise source characteristics (see refs. 1 and 2) it 1s
well known that the aural detection of a noise involves such factors as the
transmission characteristics of the path over which the noise travels (uee

refs. 3, 4, 5, 6, and 7) and the acoustic conditions at the observer location

(see refs. 4 and 8) ar well as the hearing ability of the cbserver (see ref. 9).
/ Attempts have been made to account for all of the pertinent factors in the

above categories for the calculations of detection distance which follow.

e

Attenuotion factors.- The attenustion factors associated with the

transmission of noise from the source to the observer are assumed to involve

10 l . “ ol



the well-known inverse distance law, atmospheric absorption due to viscosity
and heat conduction, small-scale turbulence, and terrain absorption which is
weighted to account for the elevation angle between the source and the
observer. For the purposes ¢¢ this paper these factors are taken into

account as determined by the following equation:

P.L. (f,x) = 20 log10§+ E(1+K2+(K3-K1) KLfJ I&

where propegation loss (P.L.) is computed for each frequency and distance
combination and where the first term on the right-hand side of the equation
accounts for the spherical spreading of the waves. In this connection x is
the distance for which the calcuiation ic being made and A 1s the reference
distance for which measured data are available. The remaining terms which
represent propagation losses and which are given in coefficient form are
defined as follows:

K1 represents the atmospheric absorption due to viscosity and neat
conduction and is expressed in dB per 1,000 feet. The values of Ki vary
as a function of frequency and for the purposes of this paper are those of the
following table. For frequencies up to 500 cps data are taken from reference

3 and for the higher frequencies from reference 6.

. Octave band no. Center freq. dB loss per 1000 ft
N 2 63 ‘ 0.1 . Z
\‘“\1 5 125 ) v 02
. b 250 - C Wb
S5 500 : o7
6 1000 1.b
7 2000 , 3.5
8 4000 g o . T
9 : b

8000 A5 SN

T

y
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K.‘_, 1s the attenuation in the atmosphere due to small-scale turbulence.
A value of 1.3 dB per 1,000 feet is assumed independent of frequency for the
frequency range above 250 cycles (see ref. T).

!% also is expressed in dB per 1,000 feet and includes both atwospheric
absorption and terrain absorption. The values used are those of reference 4
which are listed for widely varying conditions of vegetation and ground cover.
The deta of reference L have been reproduced in a more convenient form in
reference 5. Calculations included herein make use of tl_1e data of reference 5
particularly curve (b) of figure 1 which represents the conditiun of thick
grass cover (18 inches high) and the upperbound of curve 3 of figure 2 wnich
represents conditions of leafy Jungle with approximately 100 feet "see
through"” visibility. K, is a weighting fartor to account for the angle,

measured from the ground plane, between the noise source and the observer.

The values of Kk assumed for the present ralculations were teken from
Tigure 5 of reference 5 and are seen to vary from zero for angles greater than

" 7° to 1.0 for an angle of a®.

Ambient noise level conditions and human hearing.- The detectability of

a nolse is also a function of thc ambient masking noise conditions at the
. listening stvation and the hearibg abilities of the lisitener. . Since they are
somewnat related, they.will be discussed together.

The ambient noise level conditions assumed for these studies were based
on data from references 4 and 8 which were obtained in jungle environments.
It vas indicated in reference 3 .that a noise made up of discrete tone
components is detectable if it is within 9 dB of the background noise (random

An nature) in any particular octave band., Thuggl the corresponding measured

12
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spectra of references 4 and 8 have been reduced by 9 dB to account for the
above difference in the masked and the masking spectra.
The resulting octave band spectra have been further adjusted to account

for critical hand width of the human ear, according to the following equation,

" to give masking level values for each band.

Masking level, dB = octave band level, dB-10 Log,, | &7 octave
' - critical
where the Af ., .- and Afcri tical values corresponding to standard octave

banGé center frequencies are given in the following table:

Octave band !

center freq., cps 21.5 | 65 1125 | 250 | 500 {1000 | 2000 |40OO {8000
Af . ove’ CPS 22 Ly | 8 | 177 | 35k | 70T | 1ielk [2828 | 5656
fAfcﬂuc 7 s —~ | - | 50| 50 50| 66| 100 | 220 | 500
b iy
} 10 Log, A—f—"-'-"—t-i"—e— - - |2.5 5.5 8.5 {10.7 ! 11.5 |11.1 |10.5

critical

The -values of the last row in the above table have been subtracted {rom the

octave band velues to adjust them to the masking level spectra which define

' the brundaries c¢f the jungle noise criteria detection region of figures 13

through 16.

Likewise a threshold of hearing curve (taken from ref. ;) is made use of
since it represents the levels of pure tone noise that are just detectable on
the average by healthy young adults. .The implicaticn here is that noises
having levels lower than those of the threshold of hearing curve at
corresponding frequencies will not be detectable. Thus the threshold of

hearing curve is the determining factor of detection at the lower frequencies.

5
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No attempt 1s made to account for possible binaural effects in the

studles of the present paper.

Estimation Methods

Reference detection distances for each aircraft configuration for
flight altitudes of 1,000 and 3,000 feet and for ground cover conditions
representative of both 18-inch grass and 100-foot see-through leufy jungle,
heve been determined with the aid of figure 11 and the basic noise signature
of figure 10. In this figure the octave band noise levels at various distances
have been estimated by taking into account the appropriate atmospheric and 7
terrain losses. Alsgo shown in t:he figure 1s a threshnld of hearing curve and
a band labeled "jungle noise detection criteria.” The lower bourndery of this
area represents masking levels in a relatively quiet jungle location in the
* Canal Zone {ref. 4). The upper boundary on the other hand represents a
relatively more noise masking level condition in Thailand (ref. 8). These
Gaia have been compared with and found to be generally compatible with results
of recent, but unpublished, jungle noise surveys taken at Fort Clayt ' in the
Canal Zone. In the determination of the maximum distance at which the -
aircraft can be detected aurally, it was assumed that such detection was
possible at distances at which the level of aircraft noise in any octave
bard equaled or exceeded either the masking level curve or the threshold-
of hearing curve, vhichever was more appropriate. The results of such
escimates are inciuded in tahle V for each aircraft configuration and the two’

altitude and ground cover conditions.

27



Effects of Aircraft Operating and
Ground Observer Conditions

In general, detection distances are shorter for lower aircraft aititudes,
as was found in reference 3. Another general conclusion is that the more
dense ground cover condition results in detection distances either equal to
or smeller than those of the less dense ground cover condition,as previously

determined in reference 10.
THE EFFECTS OF AIRCRAFT CONFIGURATION MODIFICATIONS

The aircraft configurations of teble V have progressively decreasing
values of overall noise level and the associated detection distances decrease
in the same manner reading from left to right in the table.

Modification I involves no change in the gearing but does involve an
increase in the number of propeller 'blades from 3 to 5 and a decrease in
propeller diameter from 10 feet to 9 feet. It is indicated in table V that -
this modification will result in modest reductions of tiue aural detection
distances from 22,000 to 17,000 feet and from 38,000 to 23,000 feet for
altitudes of 1,000 and 5,000 feet, respectively. Tt should be noted that no
increase in weight is indicated for such a modification.

More ambitious changes to the propeller and drive system are involved
in modifications II and III, for ;vhich the detection distances are
approximately 8,700 and 5,000 feet, respectively. Both modifications utilize
10«foot~-diameter propellers. Modification II requires a change in the gear
ratio to 0,75 and an increase in the number of blades from 3 to 5.-whereas modi~
fication III requires o further change in the gear ratio to 0.7 and an
increase in the number of blades from 3 to 6. Increases in weights of about

15
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150 pounds and 82 pounds, respectively, are indicated from the analysis of
appendix B. The weight increases resulting from these modifications were
less than 1 percent and performance venalties were also small. For example,

the estimated change in vmax is 1.0 knot, vst all

There is a slight loss in rate of climb (33 to 91 ft/minj, plus a slight

changes by only 1.0 knot.

increase in take-off distance required (43 to 92 ft.). S

CONCLUDING REMARKS

A study has been conducted to define possible modification«to the OV-1
aircraft to reduce its aural detection distance in e¢ruise flight. This
effort involved documenting the noise characteristics of the airplane,
devising modifications t¢ reduce the noise, and defining the detection
distance and alrcraft performance as a result of the::;@ modifications.

It wés found that the main noise source on this aircraft is the

'propeller and hence . iifications only to the propeller and the propeller

drive systems are proposed.

1. Modifications involving only the propeller are noted to involve
no increase in weight but they result in only a modest decrease in aural
detection distance; for exemple, from 22,000 feet to 17,070 feet at 1,000 feet
altitude, and fror 38,000 feet to 23,000 feet at 3,000-Téat altitude.

2. In order to nbtain substantial decrease in aural detection distance,
modifications involving changes both to the propeller and the engine propeller .
gear® . are required. In these cases detection distance from altitudes of
1,000 and 3,000 fect and, depending upon terrain, can be reduced by factors
ranging fr :a ./3 to 1/5 to a distance on the order of 1 mile.

B



3. The effect on aircraft performance resulting from these modifications
is shown to be small in most instances, for example, the change in weight is

‘less than 1 percent, and the change in vmax amd Vsl 1 is 1.0 knot.
There is a s1’ght loss in rate of climb (33 to 91 ft/min), plus & slight

increase in take-off distance required (43 to feet).

7.
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Figure 1l.- Estimated noise spectra for basic Wel aireraft and for modification III for verious
'slant range distances and altitudes. Data are for grassy (18 in. kigh) around cover
conditions and for leafy jungle conditions with approximately 100 ft. see-through

visibility.
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Figure 11.- Estimated noise spectra for basic OV-1 aircraft and for modification III for various
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conditions and for leafy jungle conditions with approximately 100 ft. see-through

visibility.
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APPENDIX A

PROPELLER NOIGE AND PERFORMANCE CONULDERATIONGS

By Jobn L, Crigler

For propeller-driven airplanes, the important parameters to be
considered in reducing the propeller noise are the propeller rotational tip
speed and the number of blades. References A-1 and A-2 show that for & given
design condition the propeller noise can Le reduced by a reduction in propeller
rotational tip speed or by an increase in blade number, or both. It becomes
obvious that the two mothods go together; that is, a reduction in rotational
tip speed, whether obtained by reduced diameter or reduced rpm, recuires an
increase in blade number (or wider blades) to absordb the engine powver.

This appendix contains a description of {he procedure used to estimate
the performance of several propellers that could be fitted to the design
conditions of the OV-1l airplane, along with estimates of the noise pressures
generated by each propeller Tor minimum pover and for level-flirht cruise at

sea level.

Propeller Sections
The OV-1A airplane is powered by two Lycoming T=53-L~3> turboprop
engines. The basic propeller configuration is a 10.0-foot-diameter, three.
blade propeller, having a solidity of 0.05815 per blade at 1he 0.7 radius, -
designed to absorb 1,015 hp at 1,700 propelier rpm in cruise at 259 knots at

sea level. For the present study the maximum propeller diameter has Lieen

‘limited to 10.0 feet, although equally as large or larger reductions in noise

pressures may be obtained with increased propeller diameters. Also, increased

Al

t,

A=l

TR e

T, Teac g -
o



take-off performance is possible with larger diameters. Diameters larger than
10 feet were not considered for the OV-1 because of possible fuselage and
Sround clearance problens.

One alternate propeller design entailled a reduction in diameter to
9.0 feet, with no change in gearing, in order to reduce the rotational tip
speed. Because of the decreased diuameter, more blade area was required to
absorb the power so the blade number was increased to five. Two other designs
in vhich the propeller-to-engine gear ratio was reduced to 75 percent and
70 pvercent of its present value were selected in order to reduce the
rotetional tip speed (propeller rotational speeds of 1,275 and 1,190 rpm at
the military rated pover of 1,015 hp were chosen).

The performance of each of the three alternate propellers has been
estimated and these data are compared with tae estimated performance of the
basic propeller in table A~I. Also listed in table A-I are the number of
blades and the solidity at the 0.7 relius (geometrically similar blades
assumed) required for each configuration along with the total estimated
weight of the propeller. The estimated weight is taken frow appendix C.

The propeller efficiency for the design cruise conditions for each
propeller was estimated by the method given in the appendix of reference A-3.
The efficiencies for best ratu of climb, taken as 1LV knots, and the static
thrust were obtained with the ald of references A-3, A=, and A-5.

The proneller noise levels for all configurations were estimated for a
distance of 1,000 feet from the source by the method given in reference A-1
and are presented invtable A-II. The noise levels in the table were calculated

for a low power cruise condition (326 hp at 1,200 propeller rpa for the basic

A-2
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engine-propeller gearing). The cruise velocity of the OV-1 airplane at

sea level is approximately 140 knots for the 326 hp selected for this

condition.
An examination of the data in table A-I and table A-II indicates it is

possible to design markedly quieter propellers than the propeller installed
on the OV-l airplane with no loss in cruise performance. The results indicate
the penalty in performance is about 1 percent in efficiency at best rate of

climb (140 knots) and the penalty in static thrust is about 10 percent for an

estimated reduction in noise level of 25 decibels.

A-3
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REFERENCE

A-1. Hubbard, Harvey H.: Propeller Noise Charts for Transport Airplanes.
NACA TN 2968, 1953.

A-2. Hubbard, Hervey H.; and Regler, Authur A.: Propeller-Loudness Charts
for Light Airplanes. NACA TN 1358, 1947.

A-3. Crigler, John L.; and Jaquis, Robert E.: Prolneller-Efficichy Charts
for Light Airplanes. NACA TN 1338, 1947.

A-4, Crigler, Jonn L.: Comparison of Calculated and Experimental
Characteristies for Four, Six, and Eight Blade Single Rotating
Propellers. NACA ACR No. hpoﬁ 194k,

A-5. Blermann, Davii; and Hartman, Edwin P.: Wind-Tunnel Tests of Four- and
Six-Blade Single and Dual Rotating Tractor Propellers. Report No.
T4T, NWACA, 1942,

m,-.,“.,,.,,
!

e e

F_K v P AN Ao 7 Ay S s s
|
LY

A T T =

i
-4
4
-

sl SR - v
-y g r ,,_r e ald WDSIL ERPAEE S | TIm—



[T —

6°9L2
4°60¢%
Le2ce
g8° <92
QT

Gege
0662
000¢
qL1E
dy 096

‘qudteM OTIVIS

oTg*
otg*
o018’

028°0

dy 096
933 O4T 38 U

sIatradoag paods ue3suo) - UdITd STQVTIBA

098°0
dy G101

. S34 6G2 3B U

g ¢H60* 9 Qo¢* €29 OT 06T
g Tg0° ¢ 96%° 899 OT Glet
g ¢nsor G gt Tog 6 O00LT

g 1g{0'0 ¢ g6L°0 068 OT 0O0LT

. . wdx
W' g W @ @ g

III UOTIBOTITRON
I1 UOTIBITITPON
I UOTIEITITPON
o1sed

uo«ﬁ&&d:oo

SNOIIVMNOTINOD YITTRIONd YOI SNOIIVINDIVO FONVIIOJIEEd JO VNS - I-V IHEVL

-t

B

B e

S

T e s sevendon s

o o daarardil

bt —
5

T

- e

R T

b

<

S —— e e

—r

T e

uind BETNL BT

- ———— v —



2T oot
0°S9 9 w0
oTed gp  @w m%n

ONg™Wdy  0°0T=q
IIT UOT3IBOTITPON

SNOLIVHNOTINGD ¥ITIHJONd YO STIATT TUNSSAHI QNNOS SO0 XMVIWNS -°II-Y THWVI

024 0T 05T
0" L s ol

oTeo gp  @gw umo
006"  0°0T*q
II UOTIEOTITPOR

€9 0T 002
0°TQ g 00T

e

00CT-Hd 0°'6%
I UOTISOTITPON

suoruandrIuo) Iarrodoxy

o°glL

_ osL

0°9lL
0°48
0°06

G*ns

- 0'L9

G°6L
606

!"\\DO\SH

‘sesm gp OTYO gp @w

00TRM

N

oyseg

o‘ot=a

o one




A

APPENDIX B_
WEIGHT ESTIMATES

M. L. Sisson
Propeller Weight Estimation

Propeller blade weights, for the standard rpm cases, are based un scaling
factors applied tc the existing Hamilton Standard blade. Thi- methed considers
that the thickness-tc-chord ratio at each jercentage of propeller tip radius

is maintained. The weight of the aiuminum alloy blade becomes:

2
chord diameter .
Jl = | eroT O) x EIEEEEE?% X weigntyg , )

where subscript “0" refers to the original blade and rsuiccerir- “1" refers to
the new blade. A revised thickness distribution curve (rirure E-1) w=c aprliec
to the lower rrm cases (.75 and .70 times standard rpm). These vlades were

then scaled as above.
Propeller hub weights were scaled from the existing hub using a ccaling

factor which is the total blade centrifugal force (centrifugal force er bizde
times the number of blades) raised to the eight-tenths power.

Reduction gear weightssﬁere estimated by the iwailton Standard cquation,

(reference B-1), W = ,095Q°%*, for turbo=prop reduction gears. "W" ic the
reduction gear weight and "Q" is the output torque in pound feet.
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Table B-I

Weight Estimates Per Proyeller Installation

Production 3 blade, 10 fvot diameier propeller

Hub plus blades 26%.8 1bs.
Governor : 6h .o
0il supply by
One blade W72
Hub weight = 263.% - 3 x 47.3 . 101.9
Gear (using Hamilton Standard equation, W = .OQSQ'OQ) 74
rodification 1
S blade, 9 fool diameter, standard gear ratio
Blade weight = 5 x 28.5 1. .5 1bs.,
Hub weight 1.2
Total pronellcer weight 7577 lbs,
Weight increase 252.7 - 263.8 -il.: 1bs.
Hodification 2
5 blade, 19 foot uiameter, gear ratio .75 x standard
Blade weight = 5 x *).37 : 19.4.4 1bs.
Hub weight = .903 x 121.9 21 ..0
Total propeller weight 3044 1bs.,
Less originel propeller 2C+.3
Propeller weight increace Ro .0 1bs.
Gear weight increase = '+, = 76 17.0
Total weight increa.« o6 lbs,
Modification 3
6 blade, 10 foot diameter, gear ratin .7 X stundarg
3lade weight = 6 x 30.2 1H1,2 1bs.-
Hub weight = .786 x 121.,9 ©nLT
Total propeller weight 276.9 1bs.
Less original propeller 26,8
Proueller weight increase . 13.1 lbs.
Gear weight increase = 104 - 76 28.0
Total weight increase per propeller T BI.1 1bs.
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APPENDIX C
PERFORMANCE, STABILITY, AND CONTKCL

By James L. Hassell, Jr.

Method of estimating performance.- The thrust horsepower required fo-

level flight for the basic OV-1A airplane cruise configuration was established
by using the wind-tunnel lift-drag data of reference C-1 modified to agree with
flight-test results given in reference C-2. Power requirea was calculated tor
a basic take-off gross weight of 12,148 pounds which corresponds to the
Tactical Air Observation loading condition specified in reference C-3. Power
required was also calculated for the various teke-off (ross weights of the
modified configurations, using the same basic lift-drag polar. Thrust horse-

rover available for the basic OV-1A airplane was determined using the Lycoming
T-53-L-3 turboproy engine data given in reference C-4 in conjunction with three-
blade propeller characteristics of the Hamilton Standard Model 53C51 cons’ant
speed propeller. Turust horsepawer avalladle tor the various modified
configurations with five- and six-bladed propellers was calculated using
propeller characteristics derived from dAuta of reference C-5. Flight performe.
ance was calculated by the classical methods utilizing the established power
required-pover available data. Static thrust and the variation of thrust
with speed was calculated using as a basis the propeller thrust coefficients
4 determined from reference C-5; these thrust characteristics wére used for
calculating the take-off distance to clear a 50-~foot obstacle from a firm
sod runvay.

Basis for estimating ¢ (1] stability and control.- The only

differences in stability and control characteristics from those of the basic "

C-1
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OV-1A airplane which might be anticipated would be associated with center-ot-

gravity shift due to changes in weight of the various propeller moditications

and the effect of modified propeller slipstream on the horizontal and vertical
tail surfaces. Nelther of these effects were anticipated to cause changes of

any real significance; however, check calculations were made to determine the

probable extremes.

Results of performance calculations.- Performance calculations were made

for the basic OV-1lA airplane and for several modifications involving dif’erent
propellers and reduction gearing. The take-off and landing gross weights
associate’ with the basic and modified configurations are summarized in
table C-I for the Tactical Air Observation loading condition. These weights
vere used in conjunction with the 1lift-drag polar presented in figure C-1 ror
calculating the thrust horsepower required for each configuration. The
propeller characteristics for the basic and modified constant-speed propellers
are presented in figure (-2 for sea-level military power conditions. These
results were used in conjunction with the T-53-L-3> turboprop engine data to
obtain thrust horsepower avallable for each configuration; 5 percent power
losses were assumed in all calculations to account for compressor inlet anu
diffuser outlet duct losses, accessory power extraction,ana other nonoptimum
operating éonditions. The thrust horsepower required and the two-engine
power-available re;ults are presented in figures C~3 and C-4 for the sea-level
take-off power, military power, and normal rated power conuitions. The
variation of thrust with velocity was calculated for the sca level take-off
" power condition for each configuration and is presented in figure C-5.
The flight performance of the basic and modified configurations was

.calculated using the power available - power required data as a basis,and

C-2
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the take-off performance vas calculated using the thrust as a function of
velocity as a basis. These calculated results are summarized in table C-II.
A cursory study of this table indicates that of the various performance items
tabulated, only the take-off distance to clear a 50-foot obstacle and the
maxirum rate~of-climb capubility suffer to any extent as a result of the
various modifications. The least acceptable calculated performance was

obtained with modification II for which the take-off distance to clear a 50-

foot obstacle was 8.6 percei.” longer and the maximum rate-of-climb at sea-level

was 5.0 percent less than the basic OV-1lA. The mein reason for the reduced
performance of the modified configurations in take-off and climb is the lower
static thrust (fig. C-5) and the slightly lower propcller efficiencies at the
speeds for best rate of climb (fig. C~2). It should be noted that stall

speed and maximum speed are relatively unaffected by the various moditications
despite some moderate weight increases for modifications II and III. Tae
reasons for this result is that the aerodynamic characteristics of the OV-lA
were unaffected by the various modifications and the propeller efficiencies
at high speed were almost equal to that of the basic OV-1A propeller.

Results of stability and control study.~ As indicated Ly the results of

veight and balance calculations presented in table C-~I, the various
modifications had relatively little effect on the center-of-gravity location
of the aircraft. In general, increased propeller weight tended to move the
center of gravity forward slightly. The heaviest installation (mod. II)
resulted in a forward shift of less than 1 percent mean aerodynamic chord.

Therefore, the static longitudinal stability of the aircraft would be improved

C-3
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in direct relationship to this forward center-of-gravity shift. The most
forward center-of-gravity position is within the design forward limit for the
OV-1A airplane.

A brief analysis was made of the dynemic pressure in the region of the
aircraft empennage as affected by propeller slipstream for velocities up to

120 knots. The dynamic pressure at the tall was calculated from the

expression:
47
= + =
4t =% e
where:

qt = dynamic pressure at the tail

4, = free~stream dynamic presswe

b D thrust
;DT = A * propellier disk area

The results of these calculations for the basic QV-1A and the modified

configurations are presented in figure C-6., These calculations indicate that

the 9-foot-diameter propeller (mod. I) would produce increases in q ranging

from 7.7 to 16 percent whereas the 10-foot-diameter propellers (mods. II and

III) would result in decreases in q, ranging from 0.7 to 10.5 percent. What
this means in terms of aircraft handling qualities is that the response to
elevator and rudder control at a given speed would be more sensitive in the
case of the 9-foot-diameter propellers and less sensitive in the case of the
)0-foot-diameter propellers, and the change in sensitivity would be directly

proportional to the change in dynamic pressure at the tail. These propeller
slipstream effects have no bearing on the tail contributions to either

longitudinal or lateral directional stability, of course.
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TABLE C~I.- WEIGHT AND BALARCE SUMHMARY

ey R

et e e sy g

- » Cx ..
¥RV, WV Apopere > vt s

Vielght empty, Gross weight, Gross weight,

Case Condition 1b 1b C.g., & MAC
Basic Take-off 9564 .8 12,148.1 26.6
Landing 11,043.0 26.6
Mod. I Take-off g9542.6 12,125.9 26.7
Landing 11,020.8 26.7
Mod, IT Take-off 9675.0 12,277.3 26.1
Lending g 1,172.2 26.C
Mod. III Take-off 7.."96'&7.0 12,230.3 26.2
Landing 11,125.2 26.1

Note: Useful load for all cases assumed fixed and is defined in the
mission summary of reference C-3, page 6.01.- Total useful load
is 2583.3 pounds and includes 1842 pounds fuel at take-off.

Landing condition assumes 40 percent fuel load.



TABLE C~II.- PERFORMANCE SUMMARY

Basic Modification
Ttem OV-1A I 1 i1
Gross weight, 1b 12,148.1 | 12,125.9 {12,277.3 | 12,230.3
Propeller blades 3 5 5 6
Propeller diameter, ft 10 9 10 10
Gear reduction Basic Basic «75:1 .T0:1
Take-off distance at
SL with T.0. rated
pover:
Ground run, ft 123 765 610 795
Air distance to clear 350 351 355 353
50-foot obstacle, ft
Total T.0. distance, ft 1.073 1,116 1,165 1,146
Percent more than basic | ~aces k.0 8.6 6.8
Maximum SL 2,116 c,383 2,325 . 2,326
rate of
climb with 5,000 2,101 2,066 2,017 2,016
NRP, ft per | 10,000 1,748 1,713 1,668 1,671
min 15,000 1,400 | 1,383 1,335 1,342
20,000 995 ' 976 935 943
25,000 511 | 507 L6k W67
NRP service ceiling 29,300 29,300 28,800 28,800
Velocity for SL 139 139 139 139
best rate of
climb vith 5,000 139 139 140 140
NRP, knots, | 10,000 14k 1hk 145 145
TAS 15,000 E bk Wk 1
20,000 156 156 157 157
25,000 170 170 171 171
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TABLE C-II.~ PERFORMANCE SUMMARY - Continued

Item g‘a:ii - Modifi c;;ion T
vmx with SL 2k 242 2] 24
NRP, knots, 5,000 245 245 ohy 24h
TAS 10,000 249 249 243 218
15,000 248 248 k7 246
20,000 2ks 245 2hk 2k
25,000 231 232 230 230
Maximum SL 2,805 2,768 2,703 2,710
rate of 5,000 2,131 | 2,389 2,339 2,341
climb with
MRP, ft per 10,000 2,015 1,977 1,929 1,940
mn 15,000 1,622 1,595 1,543 1,551
20,000 1,146 1,124 1,082 1,09%
25,000 640 636 52 596
MRP service ceiling 30,000 30,000 29,600 29,600
Velocity for SL 139 139 139 139
e Of 5,000 139 139 139 139
MRP, knots, 10,000 bk 14k 145 145
TAS 15,000 14 Ik 1h 1hk
20,000 156 156 157 157
25,000 170 170 M 1M
Voox ¥ith SL 252 252 251 251
MRP, knots, 5,000 25k - 25k 255 254
TAS 10,000 256 256 255 355
15,000 256 256 a55 256
20,000 252 252 251 252
25,000 24 241 239 238
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TABLE C-II.~ PERFORMANCE SUMARY - Concluded

Basic L Modification _ _  __ |
Item OV-1A I IT 111

Cruise SL 94 it ol 9k

configuration 5,000 101 101 102 102
vatall’

knots, TAS 10,000 109 109 110 110

15,000 1y 116 119 Dy

20,000 129 129 129 129

25,000 140 140 1% 1

Ncte: Five percent pover losses were assumed in all performance
calculations to account for duct losses, accessory nower

extraction,and other nonoptimum operating conditions.

RN
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Figure C-2. - Thrust coefficient and efficiency curves for the basic and modified
constant-speed propellers at sea level, military rated power of the

T-53-L-3 engine.
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Flgure C-3. - Power available and power required for the basic OV-1A airplane, cruise
~ configuration, at sea level standard conditions,
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Figure C-4. - Power available and power required for modilieq,gcmigdrations. ‘
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Figure C-6, - Calculated variation of slipstream dynamic pressure with airspeed



